All phototrigger systems developed so far ultimately link the reception of a light stimulus to the activation of plasma membrane-bound ion channels. There are, however, important differences in design between the various phototrigger systems (Figure 1 In a somewhat macabre, but more impressive, experiment, such laser light pulses provoked flight even in decapitated flies, engineered to express P2X 2 channels in the giant fiber system. Interestingly, these experiments indicated that even a truly artificial activity input command into an
Stephan J. Sigrist
Perusal of a neurobiology textbook can leave one feeling overwhelmed by the enormous complexity of the brain's neuronal circuitry. Understanding how neural circuitry produces behavior is, and will remain, one of the most fundamental challenges of neuroscience. It is important, of course, to show that certain circuit elements are required for a specific behaviorbut even more so to demonstrate that the elements are sufficient for the behavior. Such sufficiency can be demonstrated by direct microelectrode-mediated stimulation of individual neurons in vivo to provoke a circumscribed behavior [1] . But neurons are often sparsely embedded within tissue inaccessible, and the number of microelectrodes which can be used simultaneously is usually limited to just one or at best a few. Such difficulties motivate the development of non-invasive methods for activating neurons in vivo.
Recent years have seen the rise of new 'soft' approaches in which broadly applied light stimuli are used to activate just those neurons that had previously been engineered to express a genetically encoded 'phototrigger' [2-4]. The hope is that, in this way, activity patterns might be precisely controllable in the nervous system of intact, freely behaving animals. Nagel et al. [5] have recently reported an example of this approach in Current Biology: the use of a directly light-gated cation channel for controlling behavior in vivo, using the nematode worm Caenorhabditis elegans.
All phototrigger systems developed so far ultimately link the reception of a light stimulus to the activation of plasma membrane-bound ion channels. There are, however, important differences in design between the various phototrigger systems (Figure 1) Figure 1B) .
In a somewhat macabre, but more impressive, experiment, such laser light pulses provoked flight even in decapitated flies, engineered to express P2X 2 channels in the giant fiber system. Interestingly, these experiments indicated that even a truly artificial activity input command into an
Neurobiology Tools: Flashdancing Worms
The functional analysis of neuronal circuitry would be facilitated if researchers were able to control, over extended periods of time, the activity of genetically defined populations of neurons in vivo. New work using light-gated cation channels from green algae offers hope that this might soon be possible. output circuit can be sufficient to produce a coherent behavioral response. While this is very elegant, the approach has its restrictions. Importantly, the need for rather acute co-injection of the caged ligand would not be compatible with long-lasting behavioral experiments, such as long-term learning experiments, or those that require larger numbers of animals [7] .
To circumvent such problems, one approach would be to unite ionic conductance and light sensing within a single protein ( Figure 1C) 
